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(54) TiUe: METHOD AND APPARATUS FOR TOMOSYNTHETIC IMAGING 
(57) Abstract 

The present invention relates to a tomosynthetic imaging 
method and apparatus, in which invention the target to be imaged 
is trans illuminated by means of the radiation obtained from a 
radiation source, the said radiation is detected using an electric 
radiation detector, and images are taken of the target from 
different directions. An essential feature of the said invention 
is that before the recording of the image data obtained in the 
imaging process, the amount of the said image data is reduced 
by pre-summing the primary image data so as to obtain a smaller 
number of pre-summed images the properties of which almost 
correspond to those of primary images, at which point the said 
pre-summed images are recorded. The said invention also allows 
for implementing the tomosynthesis by means of equipment 
other than that provided with a massive memory and information 
processing capacity. 
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Method and apparatus for tomosynthetic imaging 

The present invention relates to a tomosynthetic imaging 
method in which method the target to be imaged is transillu- 
5 minated by means of the radiation obtained from a radiation 
source, the said radiation being detected by means of an 
electric radiation detector and images of the target being 
taken from different directions, 

10 The said invention also relates to an apparatus in tomosyn- 
thetic imaging which apparatus encompasses a radiation 
source, an electric radiation detector, means for moving at 
least either of these with regard to the target to be imaged, 
a unit for controlling the motion of the radiation source 

15 and/or the detector, and means for processing the image in- 
formation. 

Tomosynthesis is an imaging method generally known in the 
field of magnetic and x-ray imaging. It involves taking im- 

20 ages of the target at different angles and summing them in 
such a way that they overlap in the desired manner, so as to 
sum and overlap the points of interest in the target and to 
blur invisible the features that are outside of the layer 
concerned. When all the images are recorded, the image data 

25 can be manipulated in the desired manner later, the layer to 
be imaged can be selected arbitrarily, and the image of the 
desired layer improved, for example, by subtracting from it 
images of the other layers. This can be repeated iteratively. 

30 The process of image manipulation in tomosynthesis is the 
slower the larger the byte mass processed. The recording of 
large quantities of information invariably also entails 
costs. In many cases some of the images could, in principal, 
be left unrecorded without this in any way impairing the 

35 quality of synthetised images. In the case of x-ray imaging, 
however, that regarding man in particular, this is not possi- 
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ble. It is not recommended that the human body be subjected 
to radiation unnecessarily. In addition, all x-ray images 
taken of man must be recorded, at least on ethic grounds and 
often also as prescribed so by regulations issued by the au- 
5 thorities. 

In tomosynthesis, the tomographic angle, that is, the angle of 
projection between primary images, affects the thickness of 
the layer which is imaged of the target at the image manipula- 

10 tion stage in that the greater the angle, the thinner the 
layer imaged. In addition, the angles between different images 
do not have to be identical, though they usually are. F\irther- 
more, the angles need not be on the same plane either but the 
target can be imaged at different angles in 3D set of coordi- 

15 nates, which generally contributes to blurring of the unde- 
sired layers. The scope of blurring is inversely proportional 
to the number of transillumination images N in that the fea- 
tures of the xonwanted layers dim away by a coefficient 1/N. 

20 The imaging process involved in tomosynthesis can be examined 
by adopting the Nyquist criterion that can be expressed e.g. 
in the form sampling frequency = 2 x the highest frequency of 
interest. Thus, in electric imaging that utilises a scanning 
beam, for example, the distance travelled by the ray in the 

25 layer to be imaged = the pixel size of the sensor, including 
magnification. If one examines the panoramic imaging of the 
dental arch, for example, in which the beam typically travels 
approximately 300 mm, and if the resolution requirement is set 
at 3 Ip/mm, the sensor pixel size in the horizontal direction 

30 will be approximately 160 pirn and the number of samples ap- 
proximately 1680 / sensor pixel / row. Correspondingly, if the 
sensor height is 120 mm, the vertical direction will give us 
720 pixels, in which case the size of one transillumination 
image will be approximately 1,2 megapixels. Thus, the re- 

35 cording of the amount of information produced by a beam of 
width 30 mm in imaging that utilises the FT technology {Frame 



wo 00/68863 



3 



PCT/FIOO/00404 



Transfer) would require approximately 180 megabytes of memory. 
The implementation of tomosynthesis in such a way would re- 
quire such a large number of images that it would be extremely 
difficult and time-consuming to record and process the result- 
5 ing quantities of data using the information processing equip- 
ment available at present. 

Measures have been taken in recent few years to also apply 
digital imaging to mammography, for example. The resulting 

10 enormous amount of image data constitutes a problem even in 
these applications, as transillumination alone produces dozens 
of megabytes. The capacity of the information processing 
equipment generally in use in the field would be completely 
inadequate if an attempt was made to construct tomosynthetic 

15 images on the basis of images of this kind. 

The tomosynthesis method has been discussed e.g. in the arti- 
cle TOMOSYNTHESIS: A Three -Dimensional Radiographic Imaging 
Technique, David G. Grant, IEEE Transactions on Biomedical 

20 Engineering, Vol. BME-19, No. 1, January 1972. According to 
the article, in practise approximately 20 images already pro- 
duce a tomosynthetic effect equivalent to a normal tomosyn- 
thetic image. Although increasing the number, of images basi- 
cally improves the tomosynthetic effect, the effect that 

25 would be reachable is seldom significant enough for justify- 
ing the use of a much greater number of images, at least a 
number of a higher order of magnitude. 

The US patent publication 5,195,114, representing prior art 
30 in the field, describes a type of equipment applicable to 
digital imaging. The said equipment encompasses a x-ray 
source that rotates around the target to be imaged, a x-ray 
detector, and means for recording and processing the image 
data. According to the publication, the panoramic imaging of 
35 the human dental arch produces 900 images the recording of 
which requires an enormous memory capacity. In addition, when 
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acting in the manner described in the said publication, the 
distance between the individual images would be approximately 
0.3 mm, which in the beam widths typically employed in the 
aforementioned context would mean that the target would only 
5 be presented in approximately 13 images. The maximum blurring 
ratio would thus be 1/13, As blurring tends to increase with 
the angle between the individual images, the obtaining of 
satisfactory images would in practise require the use of a 
wider beam or the taking of images at shorter intervals, that 
10 is, the recording of an even larger number of images. 

Another type of equipment applicable to digital tomographic 
imaging is presented in the US patent publication 5,677,940, 
which equipment encompasses a x-ray source that rotates 

15 around the target to be imaged, a x-ray detector, and means 
required for information processing and for other control of 
the apparatus. According to the piiblication, x-ray radiation 
is converted to light and the signal converted to electric 
form by using a MOS sensor (Metal Oxide Semiconductor) before 

20 the image data are recorded in the memory. 

A semiconductor sensor has been presented in the interna- 
tional patent publication WO 95/33332 in which sensor x-ray 
radiation is converted directly to electric form. The losses 

25 resulting from collecting the image data by means of this 
type of sensor are much smaller than those produced by the 
sensor employed in the solution that is presented in the US 
patent publication 5,677,940, and the tomosynthetic images 
that can be achieved by the said type of sensors are of a 

30 better resolution. 

A prior art technique in medical imaging is the use of actual 
computer tomography in which the target is generally imaged 
in slices from all directions and the resulting image data 
35 are recorded, after which an image can be formed of any part 
of the target by calculatory means using methods based on the 
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so-called Radon transformation, or other calculation methods. 
The equipment used in computer tomography are extremely ex- 
pensive, however, the images obtained are typically quite 
granular, and large doses of radiation have to be employed in 
5 order to obtain noise-free images. As a rule, the use of 
equipment of this kind is not possible nor justified in par- 
ticular in dental x-ray imaging. 

Traditionally, the equipment used in different tomographic 

10 methods is manufactured for use with just that particular 
method. However, the present trend favours the development of 
solutions by means of which a certain apparatus could be used 
for a variety of purposes, i.e. the aim is that the said 
equipment would allow for utilising different tomographic 

15 methods and for imaging varying types of projections. It 
would be desirable that solutions could be foiind, of a kind 
that would allow for low-cost imaging, even three-dimensional 
imaging, where necessary, by means of digital x-ray equipment 
as such already generally known in dentistry. This would di- 

20 versify the use of such equipment and facilitate the purchase 
of equipment that utilise digital technology. Digital tech- 
nology aids the work of doctors, among other things, in that 
it allows not only for the taking of more high-quality images 
and thus the making of more accurate diagnoses, but also al- 

25 lows for recording cuid administering the images in electric 
form together with all other documentation relating to the 
patients. 

Thus, the objective of the present invention is to create a 
30 method for tomosynthetic imaging, in which method the afore- 
mentioned objectives have been approached and problems 
solved. Another objective is to create an apparatus which al- 
lows for implementing the method according to the invention. 

35 The primary objective of the said invention is to create a to- 
mosynthetic method in which at least the number of images to 



wo 00/68863 



6 



PCT/FIOO/00404 



be recorded permanently can be reduced, thereby also cutting 
down equipment costs and speeding up image processing in the 
forming of cross -sectional images. The methodological and 
equipment solutions, according to the invention, allow for to- 
5 mosynthetic imaging that can be implemented using a known in- 
formation processing technology and the existing equipment, 
without the need for a large memory capacity. 

The most relevant features of the invention are presented in 
10 the characterising parts of the independent claims herewith 
enclosed. An essential feature of the invention is that the 
data obtained from imaging are not actually, that is, as such 
and/or permanently, recorded, but the primary image data are 
first pre-summed and it is the resulting pre-summed image data 
15 which are then recorded. 

According to one preferable embodiment of the invention, the 
number of images used for forming tomosynthetic images is re- 
duced by pre-summing adjacent images, that is, images taken at 
20 almost parallel angles, either upon reading the image data 
and/or after that. It is only then that the pre-summed images 
are recorded in the non-volatile memory, and the actual tomo- 
synthetic image is formed on the basis of the said pre-summed 
images . 

25 

Reducing the amount of data to be recorded cuts down costs and 
speeds up the actual tomosynthesis. According to the present 
invention, the amount of information to be recorded can be re- 
duced sxibstantially in all types of tomosynthetic imaging re- 
30 gardless of the application and implementation concerned, thus 
also in light-based transillumination, for example. 

A preferable solution, according to the invention, is to di- 
vide primary images into groups that are composed of more or 
35 less the same number of images, and even in such a way that 
the angle between the images that form a given group is small. 
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When all the images in these groups are pre -summed, by means 
of known tomosynthesis methods, and by using the assumed cen- 
tre of the target to be imaged, for exair^^le, as the default 
layer, blurring is quite small within a relatively large dis- 
5 tance on both sides of the default layer. The angle between 
the groups can also be arranged to be of desired magnitude. 
All the desired layers within a relatively large distance on 
both sides of the default layer can be formed on the basis of 
the pre-s\immed images. 

10 

If the pre-summing is performed after the imaging stage on the 
basis of the image data recorded in the scratch pad memory, 
the processing time required by the actual tomosynthesis stage 
can be reduced. On the other hand, not all primary images have 
15 to be recorded, not even in the scratch pad memory, if at 
least some of the pre-summing is performed at the imaging 
stage. This will reduce the required storage capacity even 
further . 

20 According to one preferred embodiment of the invention, in x- 
ray imaging the radiation is detected by means of a sensor 
that converts x-ray radiation directly to an electric signal. 
According to yet another preferred embodiment of the inven- 
tion, the said sensor is a TDI sensor (Time Delay Integration) 

25 which utilises CCD technology {Charge Coupled Device) , in 
which case pre-summing can be conducted directly in the sensor 
at the image data reading stage. 

In the following, some embodiments of the invention will be 
30 described in detail by way of examples by referring to the en- 
closed drawings, without restricting the present invention to 
the details of the said embodiments, however. 

Figure 1 shows the imaging stage in tomosynthetic imaging. 

35 
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Figures 2a and 2b show the principle en^loyed in forming 
cross-sectional images in tomosynthesis. 

Figxires 3a, 3b, 3c and 3d show the principle, according to the 
5 invention, for pre-summing primary images and forming the 
cross-sectional images on the basis of the pre-summed images. 

Figure 4 shows a piece of tomosynthetic imaging equipment, ac- 
cording to the invention, in the form of a block diagram, 

10 

Figure 5 shows one preferred embodiment of the invention in 
the panoramic imaging of the human dental arch. 

Figures 6a and 6b show one radiation detector arrangement ap- 
15 plicable to be used in the invention. 

Figure 1 shows the principle employed at the imaging stage in 
tomosynthetic imaging. The target to be imaged is indicated in 
the figure by X and the cross -sectional layers of the target X 

20 by LI, L2, L3 and Lx, In the present example, three images SI, 
32 and S3 are taken of the target X by placing the radiation 
source 11 in the places R' , R" and R' ' ' and moving the radia- 
tion detector 12 correspondingly. The angle al, a2 between the 
images determines the tomographic angle T of the synthesised 

25 image. If all the images SI, S2 and S3 are siammed to form a 
tomosynthetic image, the tomographic angle T of the resulting 
cross-sectional image will be al + a2. 

The imaging stage can also be implemented by keeping the ra- 
30 diation source 11, for exarrple, stationary and moving the tar- 
get to be imaged X and the radiation detector 12, or by keep- 
ing the radiation detector 12 stationary and moving the radia- 
tion source 11 and the target to be imaged X, 



35 



Figures 2a and 2b show the formation of the cross-sectional 
images PI and P2 according to the prior art on the basis of 
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the images SN at the image manipulation stage. In Figures 2a 
and 2b, the images SN taken of the target X are summed in such 
a way that the featiires contained in a layer of the target X, 
which layer is assumed to be of interest, are imaged more ac- 
5 curately than the other layers. Assuming, for example, that 
the images SI, S3 and S5 in Figure 2a correspond to the images 
SI, S2 and S3 in Figure 1 and the images S2 and S4 to the pro- 
jections imaged between these, the resulting tomosynthetic im- 
age PI in Figure 2a would roughly represent the cross - 
10 sectional layer LI shown in Figure 1. 

Figures 3a, 3b, 3c and 3d show the principle of the pre- 
summing method, according to the invention. In Figures 3a and 
3b, the pre-summed images Zl and Z2 are formed on the basis of 

15 the images SI, S2 and S3 that have been taken over the area of 
one tomographic angle, and on the basis of the images S4, S5 
cind S6 that in turn have been taken over the area of another 
tomographic angle, respectively. The preferable embodiments of 
the present invention are based on the finding that if each 

20 pre-s\imming is performed over an area of a sufficiently small 
tomographic angle aN to form a suitable default layer Lx, 
which layer can be the assumed centre of the target to be im- 
aged, for example, the number of images for use as the mate- 
rial for tomosynthetic image manipulation will be considerably 

25 smaller than the n\imber required if no pre- summing was em- 
ployed, and yet the pre-summed images will be almost equiva- 
lent to primary ones. According to the invention, the pre- 
summed images Zl and Z2 can be recorded in the non-volatile 
memory in which case an unlimited number of the cross- 

30 sectional images PN, the layer thickness of which is deter- 
mined by the tomographic angle T, can be formed later using 
known tomosynthesis methods. In Figures 3c cind 3d, the images 
PI and P2 were formed from the pre-s\immed images Zl and Z2 on 
the basis of two cross-sectional layers by positioning the 

35 pre-summed images to overlap in different ways. 
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Thus, the best result, according to the invention, can be ob- 
tained by forming the pre-sximmed images ZN over the area of a 
small tomographic angle aN, which only causes minor blurring 
of the external featiires of the default layer. The angle of 
5 the pre -summed images ZN can be thought to represent the mean 
of the angles at which the images used in the pre -summing were 
taken. The minor blurring that occurs in pre-summing delimits 
the allowed distance between the default layer Lx and the 
cross-sectional layer of the image formed at the actual tomo- 
10 synthesis stage. 

The method, according to the invention, enables the pre-summed 
images 2N to be recorded in a space considerably smaller than 
that required by the recording of the primary images SN. The 
15 pre-summed images ZN can also be processed faster on account 
of their smaller number. 

The pre-summing, according to the invention, can be performed 
at the imaging stage as new image information is created or 

20 once the imaging process has been completed. The actual cross - 
sectional image is formed only after the collection and pre- 
summing of the entire image data. In the panoramic imaging of 
the dental arch, for example, the pre-summed images can be 
formed on the basis of image data that e.g. correspond to 5-50 

25 images which are purely composed of primary image information, 
preferably perhaps on the basis of information equivalent to 
10-20 images, and the actual tomosynthetic image e.g. on the 
basis of 5-100 pre-summed images, possibly 10-50 images. The 
tomographic angle between the images to be pre-summed could be 

30 less than 5 degrees, for example, preferably not exceeding 1 
degree, and the tomographic angle between the pre-summed im- 
ages 1-45 degrees, for example, possibly 2-20 degrees. 

The block diagram in Figure 4 shows a piece of equipment by 
35 means of which the tomosynthetic method, according to the in- 
vention, can be implemented. The said equipment encompasses 
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the radiation soxirce 11, radiation detector 12, pre-summing 
unit 13, scratch pad raemory 14, mass or non-volatile memory 
15, a unit 16 for controlling the motion of the imaging equip- 
ment, the display 17, summing unit 18 and user interface 19. 

5 Dtiring the imaging process, the motion control unit 16 con- 
trols the reciprocal motion of the radiation source 11 and ra- 
diation detector 12 with regard to the target to be imaged X. 
The radiation detector 12 preferably converts the radiation, 
e.g. x-ray radiation, used for transillumination, directly to 

10 an electric signal. The signal is then converted to digital 
form and sent to the pre-summing unit 13 which is already ca- 
pable of starting the process of pre-s\imming the primary im- 
ages at the imaging stage with the help of the scratch pad 
memory 14 and the imaging equipment motion information 16. The 

15 scope of the pre-summing covers the desired number of images 
preferably taken over an area of a small tomographic angle and 
the resulting images are recorded in the mass storage 15. The 
desired cross-sectional layer can be selected later on an ar- 
bitrary basis via the user interface 19, keeping in mind the 

20 limiting conditions discussed eibove, which cross- sectional 
layer is calculated in the summing unit 18 and presented on 
the display 17. The cross-sectional layer can be selected in 
such a way that it passes through the target at any angle, or 
it can be a cylinder surface, for example. 

25 

Tomosynthetic images can be taken using a panoramic x-ray ap- 
paratus in which images of the target are taken by using a x- 
ray detector and a x-ray source capable of rotating around the 
target. In such a case, a very narrow x-ray beam e.g. of width 

30 4-20 mm is employed, and as the x-ray detector a receiver is 
used by means of which the image information can be converted 
to electric form and from it to digital form. In Figure 5, for 
example, the radiation obtained from the radiation source 11 
is directed through the target to be imaged X by means of the 

35 radiation detector 12, each of the vertical pixel rows of 
which can be considered to form a single-row sensor. As the 
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radiation source 11 and the detector 12 are moved in the known 
manner around the centre of revolution C and as the detector 
12 thereby passes the target to be imaged, the apparatus pro- 
duces, on the known slit imaging principle, the images SN that 
5 are essentially equivalent to transillumination images, that 
is, the first vertical row of the sensor produces the image 
SI, the second the image S2 etc. The resulting primary images 
SN can be recorded in the temporary memory as such. In one 
preferable embodiment of the invention, however, the image in- 

10 formation which is created at the first point in time during 
the imaging process and which is to be summed to each of the 
be pre-summed images that will, is recorded, in which case the 
rest of the image data to be pre-summed to each image are 
summed directly to the image information recorded in the said 

15 scratch pad memory as they are generated during the imaging 
process . 

The radiation detector 12 can also be provided to encompass 
sensor colximns composed of several rows in which case the pre- 

20 summing can be performed by summing directly on the sensor the 
image information produced by the individual rows in each col- 
umn, which summing already takes place upon the reading of the 
image data. Thus the image information read from the sensor 
does not correspond to the images SN shown in Figure 5, which 

25 images are purely composed of primary image data, but to the 
images 2N that have already been pre-summed and can be re- 
corded directly. 

The present invention can be implemented by using any sensor 
30 technology. According to one embodiment of the invention, a 
preferable solution in x-ray applications is to utilise a 
technology that enables x-ray radiation to be converted di- 
rectly to electric form. This allows for reducing the loss en- 
countered with more traditional sensor technologies in which 
35 the x-ray radiation first has to be converted to light, then 
to electric form, and finally to digital form. 
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A useful feature of the MOS technology, which is one of the 
more traditional sensor technologies, is that the image data 
collected on the sensor can be read directly from individual 
pixels. This eliminates the problem encountered in the CCD 

5 technology, in which the image data read also carry unwanted 
signal when the pixel charges are transferred from the image 
information reception area to the charges reading area via the 
neighbouring pixels. The problem can of coiirse be minimised 
even with the CCD technology by utilising a sensor of the FT 

10 type in which case the pre-summing of the image data, accord- 
ing to the invention, is performed electronically or program- 
matically before the permanent recording of the information. 

In spite of the certain problems mentioned above, one prefer- 

15 able way of pre-summing, according to the invention, is- to use 
the CCD sensor as the radiation detector, which sensor is com- 
posed of several narrow, parallel TDI sensor columns and which 
sensor pre-sums the image data automatically at the image data 
reading stage. This solution allows for the avoiding of losses 

20 and interference at the pre-summing stage, and for reducing 
the speed required by AD conversion compared to that required 
by electronic or programmatic pre-summing. It is also prefer- 
able to place a recording/reading register beside each inte- 
gration register so as to gain more time for the reading of 

25 data from the sensor. In addition, if a column clock is as- 
signed to each narrow sensor of the above kind, the sensors 
can be read at their own specific speeds, where necessary, 
thus essentially reducing the so-called inherent unsharpness 
effect that denotes the unwanted blurring of . the image due to 

30 the fact that it is possible to match the projection speed of 
only one point in the area of the beam exactly with the calcu- 
latory speed determined by the imaging provision. Thus, the 
greater the number of areas in the beam in which the projec- 
tion speed can be adjusted to match the calculatory speed as 

35 accurately as possible, the smaller the unwanted blurring. 
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Pre-suinming performed directly on the radiation detector can 
be illustrated with reference to one sensor struct\ire shown in 
Figiares 6a and 6b, which structure lends itself preferably to 
use in the present invention. Figure 6a shows the radiation 
5 detector 12' which has been divided into several columns, or 
in fact into narrow CCD sensor columns that operate on the TDI 
principle. Figure 6b shows one column or bar 12', according to 
Figure 6a, which column or bar encompasses an image informa- 
tion reception area 20, integration register 21 located beside 

10 the reception area 20, and preferably also a recording/reading 
register 22 provided beside the integration register 21. Dur- 
ing the imaging process, the detector 12 is moved pass the 
target to be imaged during which movement the said detector 12 
is constantly receiving radiation, e.g. x-ray radiation, that 

15 passes through the target. The means provided on the surface 
of the sensor, not shown in the said figure, thereby convert 
the radiation to light that contains image information. The 
pixels located in the reception area 20 convert the said light 
to an electric charge that corresponds to the intensity of 

20 light. The charges are transferred, one pixel at a time and 
controlled by the column clocks 25, towards the integration 
register 21 in which they are summed and the image data read 
23 from the sensor via the recording/reading register 22 and 
controlled by the row clock 24. Thus, the image information 

25 read from each narrow sensor bar 12' is already in pre-summed 
form, according to the invention, the said pre-summing cover- 
ing an area that comprises the width of the beam read by the 
sensor column and the tomographic angle that determines the 
rest of the imaging geometry . 

30 

In addition to the preferable embodiments presented above, the 
tomosynthetic method and apparatus, according to the inven- 
tion, Ccui be applied to the imaging of any target using x-ray 
radiation, or ciny other radiation that can be used for tran- 
35 sillumination purposes. The present invention lends itself 
most particularly to use in the x-ray imaging of the hiiraan 
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skull, such as panoramic and other cross-sectional imaging of 
the dental arch, and in mammography. The implementation of the 
present invention is not restricted by the application of any 
particular sensor technology. The present invention preferably 
5 also allows for the use of sensors that are based on the di- 
rect detection of x-ray radiation. The following claims define 
the basic idea of the invention within which various details 
may vary and differ from the examples described above. 

10 



15 



20 



25 



30 



35 
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Claims 

1. A tomosynthetic imaging method in which the target to be 
imaged is transilluminated using radiation, e.g. x-ray radia- 

5 tion, obtained from a radiation soiirce, the said radiation be- 
ing detected by means of an electric radiation detector, and 
images being taken of the target from different directions, 
characterised in that the resulting primary image informa- 
tion is at the first stage pre-summed and the actual tomosyn- 
10 thetic image is formed in a later stage of the said pre-summed 
images , 

2. A method according to claim 1, characterised in that 
the image information is pre-summed over the area of such a 

15 small tomographic angle that the tomographic effect remains so 
small that the pre-summed images obtained are almost equiva- 
lent to transilluminated images. 

3. A method according to claim 2, characterised in that 
20 the image information, of a kind in which the tomographic an- 
gle is less than 5 degrees, preferably less than 1 degree, is 
pre-summed, 

4. A method according to any of the claims 1-3, character- 
25 ised in that the pre-summing is performed in such a way that 

each pre-summed image is essentially composed of an equally 
large amoxint of primary image information, e.g. essentially of 
an equal number of primary images. 

30 5. A method according to any of the claims 1-4, character- 
ised in that in the panoramic imaging of the human dental 
arch in particular, pre-summed images are formed on the basis 
of image information that corresponds to 5-50 images piirely 
composed of primary image information, preferably on the basis 

35 of information that corresponds to 10-20 images. 
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6. A method according to any of the claims 1-5, character- 
ised in that in the panoramic imaging of the hximan dental 
arch in particular, the actual tomosynthetic image is formed 
of 5-100 pre-summed images, preferably of 10-50 images, 

5 

7. A method according to any of the claims 1-6, character- 
ised in that in the panoramic imaging of the human dental 
arch in particular, the beam obtained from the radiation 
source is restricted to be extremely narrow in form, e.g. of 

10 width 4-20 mm. 

8. A method according to any of the claims 1-7, character- 
ised in that the pre-summing is at least partly performed 
during the reading of the image information. 

15 

9. A method according to any of the claims 1-8, character- 
ised in that a sensor that converts x-ray radiation directly 
to electric form is used as the radiation detector, 

20 10. A method according to any of the claims 1-9, character- 
ised in that the pre-summing is performed electronically or 
programmat ically . 

11. A method according to claim 10, characterised in that 
25 before pre-summing, and possibly also during it, part of the 

image information, at preferably at least the part of it which 
is generated at the first point in time for each of the pre- 
summed images, is recorded in the temporary scratch pad mem- 
ory. 

30 

12. A method according to any of the claims 1-8, character- 
ised in that as the radiation detector a TDI sensor which 
utilises CCD technology is used, in which case the pre-summing 
is performed by summing the image information produced by two 

35 or more sensor pixel rows already on the sensor, before read- 
ing out the image data. 
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13. A method according to claim 12, characterised in that 
the said TDI sensor is arranged to encompass a number of nar- 
row TDI sensors each of which constitutes a sensor column on 

5 the radiation detector, which column contains two or more sen- 
sor pixel rows. 

14 . A method according to claim 12 or 13, characterised in 
that each narrow sensor column is used via its own column 

10 clock. 

15. A method according to claim 14, characterised in that 
the pre-summed images are read out from the radiation detector 
via the recording/reading registers positioned beside the in- 

15 tegration registers of the narrow sensors, 

16. A method according to any of the claims 1-15, charac- 
terised in that the pre-summed images are recorded in the 
mass storage, and the actual tomosynthetic image is formed on 

20 the basis of the said recorded, pre-summed images. 

17. A method according to any of the claims 1-16, charac- 
terised in that the said method is used for imaging cross- 
sectional layers to obtain panoramic images of the h\iman 

25 skull, in particular the dental arch, or of the soft tissue in 
the chest area. 

18. An apparatus for tomosynthetic imaging, which apparatus 
encompasses a radiation source (11), e.g. an X-ray tube, a ra- 

30 diation detector (12), and means for moving at least either of 
these with regard to the target to be imaged (X) , a unit (16) 
for controlling the motion of the radiation source (11) and 
the radiation detector (12) , and means for processing the im- 
age information, characterised in that the mecins for proc- 

35 essing the image information include mesuis for pre -summing the 
said image information (12, 13, 14) . 
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19. An apparatus according to claim 18, characterised in 
that the radiation detector (12) is a sensor that converts the 
radiation directly to electric form. 

20. An apparatus according to claim 18 or 19, character- 
ised in that the means for pre-summing the image information 
include a scratch pad memory (14) which is intended for the 
temporary recording, when required, of at least some of the 
image information. 

21. An apparatus according to claim 18, characterised in 
that the radiation detector (12) is composed of narrow columns 
(12') that constitute a TDI sensor which utilises CCD technol- 
ogy. 

22. An apparatus according to claim 21, characterised in 
that a column clock (25) is provided for each narrow sensor 
column (12' ) . 

23. An apparatus according to claim 21 or 22, character- 
ised in that the narrow sensor columns (12') are composed of 
the image information reception areas (20) , integration regis- 
ters (21) located beside these, and possibly also of the re- 
cording/reading registers (22) located beside the said inte- 
gration registers. 

24. An apparatus according to any of the claims 18-23, char- 
acterised in that it encompasses means for recording the 
pre -summed images in a non- volatile memory (15) euid means for 
forming the actual tomosynthetic images (18, 19) on the basis 
of the said pre -summed images recorded in the memory (15) . 

25. An apparatus according to any of the claims 17-24, char- 
acterised in that it is integrated into equipment, known 
per se, applicable to the cross-sectional imaging, e.g. pano- 
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ramie imaging, of the human skull, in particular of the dental 
arch. 

26. An apparatus according to any of the claims 17-24, char- 
5 acterised in that it is integrated into mammography equip- 
ment known per se. 
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